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INTRODUCTION
Cancer immunotherapy is a significant and effective treatment option 
for various tumor types. High sensitivity nanobore LC-MS plays a 
fundamental role in the process of recognizing human leukocyte antigen 
(HLA) peptides used in the development of immunotherapy treatment. 
Application to high-value, clinically relevant samples, has been limited by 
the robustness of sensitive nanobore LC methodology. Here we present 
the development and optimization of a novel nanobore LC methodology 
for analyzing HLA Class I and HLA Class II targets using a comprehensive 
integrated platform: The PicoChip® enabled with the Universal Flow 
Station (UFS™) from New Objective on the Thermo Fisher Scientific 
Astral™ mass spectrometer. The newly developed methods are capable 
of screening small biopsy sample sizes (10-30 mg) while providing a high 
level of reproducibility and accuracy.

METHODS
Samples were prepared using an optimized workflow involving gentle 
lysis, enrichment by antibody affinity purification, and clean-up by C18 
SPE. An LC-MS framework using a microscale trap and elute UHPLC 
strategy (Vanquish Neo, Thermo Fisher Scientific) combined with a 
novel integrated and heated (50°C), UHPLC (1.9 µm C18) chip based 
column-emitter (15 µm emitter x 7 5µm x 25 cm: PicoChip New Objective, 
Inc.) platform (Universal Flow Station, New Objective, Inc.) in tandem 
with FAIMS, on the Orbitrap Astral Mass Spectrometer (Thermo Fisher 
Scientific). Sample separation was achieved by 60 min., 2-35% ACN 
gradient at 300 nl/min. Resulting proteomics data was processed  
using PEAKS Online Proteomics analysis software (Bioinformatics 
Solutions Inc).

Column
New Objective PicoChip® 25 cm x  
75 μm x 1.9 μm – C18 column

Column Temperature 
Heated to 50°C

Trap Column 
Thermo Scientific Acclaim™ PepMap™ 
100 15cm x 75μm – C18 Trap

Mass Spectrometer 
Thermo Scientific Orbitrap™ Astral™ 

LC 
Thermo Scientific Vanquish™  
Neo UHPLC system

Mobile phase A 
0.1% formic acid in water

Mobile phase B 
0.1% formic acid in 80% acetonitrile

Gradient Flow Rate 
300 nl/min

Gradient Profile 
2% to 35% B in 60 min
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Figure 1. Bioanalytical workflow for IM-9 Cell derived HLA Class I and HLA Class II targets.

Figure 2. Photo of PicoChip® with Universal Flow Station™ 
(New Objective, Inc.)

Figure 3. Trap-and-Elute settings and thresholds for 
loading and separation.
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Figure 4. NanoLC Gradient profile with 60-minute gradient with 8-minute wash.

Figure 5. Standard Peptide Mix chromatograms from over 3-month period.

RESULTS
Peptide Standard mix Shows Consistency Across Several Months and Different  
PicoChip Columns

Over the long term, consistent peak shape and retention times reduce variability across 
experimental results. Column-to-column reproducibility is pivotal for clinical research 
workflows and results in reducing variability with consistent peak shape. We routinely run 
peptide standards and collected data over a 3-month time span. We observed and validated 
highly reproducible peak shape and retention time from different PicoChip columns (Figure 5).
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INTEGRATED SYSTEM YIELDS ROBUST SENSITIVITY

Figure 6. Example chromatograms from “cell equivalent” amount injections

Figure 7. (a) Technical replicate injections of IM-9 enriched immunopeptides from as low as 5.00E3 cell 
equivalents still showed an optimal peptide length distribution. (b) Increasing injection amounts shows  
a steady increase in identified 9mer length peptides from 5.00E3 – 1.00E7 cell equivalents.
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CONSISTENT PERFORMANCE ACROSS DDA AND DIA WORKFLOWS
HLA class I and II immunopeptidomes can be measured with high reproducibility in both data 
dependent acquisition (DDA) and data independent acquisition (DIA) modes, however, with 
improved sensitivity and reproducibility in DIA mode.

We compared DDA vs DIA, with the same nLC method. Figure 8 demonstrates that DIA has an 
increase in uniquely identified HLA Class-I 9-mers versus DDA (~30-40% increase in peptide IDs).

DIA provided ~35% increase in the number of unique peptides, while also providing 95% peptide 
identification agreement, for the HLA Class-I 9-mers, across injections of similar equivalents.

Run-to-run (n=2) injections resulted in 5% unique peptide variability with 1.00E6 cell equivalent 
(HLA Class-I 9- mers). Thus, we observed 95% peptide identification similarity with the DIA 
workflow.

Reproducibility for the number of peptides identified across runs for HLA Class-II, including 
different lengths, resulted in ~87% similarity between (data not shown).

Figure 8. DDA vs DIA, and comparison between cell equivalents. Note the increased 
number of unique identified “9-mer” length peptide.
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Figure 9. Unique peptide identification Venn diagram. There is 95% overlap between 
two DIA injections.

Figure 10. Peptide length distribution across different cell equivalents for HLA Class II 
peptides. Identified peptides results from DIA mode.

IM-9 9mer Length Peptide Overlap 
1.00E6 Cell Equivalents

Replicate 1 
~5% Unique  

Peptides

Replicate 2 
~5% Unique  

Peptides
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CONCLUSIONS
Integrated nano-LC/MS platform coupling PicoChip columns with the Astral mass 
spectrometer enhances performance of latest generation mass spectrometry bioanalysis 
workflows.

Highly reproducible chromatographic performance demonstrated across multiple 
PicoChip columns and months.

Long term PicoChip column-to-column consistency enables simplified transition from 
established to new LC-MS platforms.

Existing foundational data, using the identical PicoChip column and Universal Flow 
Station source framework facilitated rapid system deployment and qualification with 
new Astral instrument.

Relevant number of peptide ID’s increased by more than 2-fold, while also reducing 
sample amount by an order of magnitude.

Gradient time was reduced to 70 min (Astral), versus 137 min (Exploris 480) because of 
the increase in acquisition speed.

The number of identified peptides increased by 30 to 40% - when comparing DIA mode 
versus DDA modes.

Sample amount could be reduced by an order of magnitude (1E7 vs 1E6 cells), with a 30% 
decrease in number of identified peptides.

Demonstrated high reproducibility of HLA Class II peptides across DIA replicate runs (85-
90% similarity).

Learn more about PicoChip at www.newobjective.com or contact us  
at sales@newobjective.com


